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開発した超音波 AS と EMM を組み合わせることで出力範囲が広範で高速応答
可能な AS を実現可能であると考えられる。  










確認した。さらにこの制御を拡張し，EMM 始動時に USM を併用することで












Various actuators had been developed for the output and applications. In 
general, an electromagnetic motor (EMM) has versatility for the output request. 
In addition, the power of EMM can easily control with the electrical operation. 
However, the high power EMM has a disadvantage such as response delay by 
increases of mass and inductance. On the other hand, an ultrasonic motor 
(USM) has a rapid response by friction force drive between a stator vibrator and 
a rotor or a slider. If the EMM and the USM are used together in the same 
actuator system (AS), the individual actuators can complement each other. Then, 
such AS has a wide output range and high speed response. It is noted that the 
USM does not have torque free state for an operation by external force. 
Therefore, realizing such an AS requires high speed clutch/brake. 
As the first step of study, an ultrasonic AS which was able to electrically 
control a preload had been developed by combining a USM with a piezoelectric 
clutch (piezo-clutch). As a result, it was realized that the expansion of the 
operating range and increased stability, hence  a new AS with wide output 
range and rapid response is realizable by combining the EMM and the ultrasonic 
AS.  
The objective of this study is to develop a new hybrid AS that includes an 
EMM and an ultrasonic AS. In addition, as the one application of wide outputs 
range and rapid response, the effect of the force-feedback display by the hybrid 
AS was considered. The proposed hybrid AS is composed of a USM and an EMM 
which generate the rotation and a piezo-clutch/brake based on a mechanical 
amplifier which is used for adjustments of preload and braking force. A preload 
control by the piezo-clutch was examined. The revolution speed was stabilized 
by controlled preload using the piezo-clutch. The rise time was shortened by 
preload control during transient rotation at starting the USM. In addition, the 
rise time and driving power was reduced by hybrid drive with both of EMM and 
the USM. 
As the one application of the hybrid AS, the effect on a force-feedback display 
was examined. As author’s impression, the hardness feeling was realistically 
represented by the piezo-brake. The elastic feeling was represented by either 
the EMM or the USM. In addition, the hybrid AS was extended a 
two-degree-of-freedom hybrid AS. As a result, the force-feedback was 




























２）EMM 始動時に高速応答性に優れる USM を併用することで EMM の立ち上
がり特性を向上させ，定常状態に至るまでの消費電力の削減を実現した。したがっ
て，ハイブリッド駆動によるアシスト効果の有用性を確認した。 
３）ハイブリッド AS の応用例の一つとして力覚提示の検討を行った。PC，セン
サ，計測装置，駆動装置などからなる制御システムにより力覚提示システムを構築
し，提示したい力覚に応じて，EMM，USM，圧電クラッチの各アクチュエータの
組み合わせを切り替えた制御を行うことで弾性体から剛性体までを安定して提示で
きることを確認した。また，2 自由度に拡張し，面内の力覚の提示を実現し，より
リアルな操作感と力覚提示の実現に成功した。  
以上の研究成果はメカトロニクスの高度化および工学の発展に寄与するところ
が大きいと判断される。よって，本論文は博士（工学）の学位論文として価値ある
ものと認められる。 
  
 
  
